Background: Hereditary pancreatitis (HP) is an autosomal dominant disorder with incomplete penetrance characterized by recurring episodes of severe abdominal pain often presenting in childhood. The comprehensive in silico analysis of coding SNPs, and their functional impacts on protein level, still remains unknown. In this study, we aimed to identify the pathogenic SNPs in PRSS1 gene by computational analysis approach. Materials and Methods: We carried out in silico analysis of structural effect of each SNP using different bioinformatics tools to predict Single-nucleotide polymorphisms influence on protein structure and function. Result: Two novel mutations out of 339 nsSNPs that are found be deleterious effect on the PRSS1 structure and function. Conclusion: This is the first in silico analysis in PRSS1 gene, which will be a valuable resource for future targeted mechanistic and population-based studies.
Introduction:
Hereditary pancreatitis (HP) is an autosomal dominant disorder with incomplete penetrance characterized by recurring episodes of severe abdominal pain often presenting in childhood (1-5) First symptoms begin since childhood, mainly before 10 years old. Main symptoms are pancreatic pain and acute pancreatitis (>70%). CP morphological changes as pancreatic calcifications are diagnosed at a median age of 22-25 years. Exocrine and endocrine pancreatic insufficiency occurred in 34% and 26% at a median age of 29 and 38 years. (6, 7) The first family of hereditary pancreatitis was described in 1952. (8, 9) About 100 families have been documented worldwide.(4) which has been screened in different countries (3, (10) (11) (12) (13) (14) (15) (16) HP is a progressive inflammatory disease in which pancreatic secretory parenchyma is destroyed and replaced by fibrous tissue (17) , eventually leading to malnutrition and diabetes. (18) several studies shows that, Patients with HP have a markedly increased risk of pancreatic cancer compared with the general population up to 40-50% .(1, 16, [19] [20] [21] [22] Also cigarette Smoking increases the risk factor for developing pancreatic cancer in Patients with Hereditary Pancreatitis. (23, 24) Currently, there is no treatment for HP but it can be managed by pancreatic enzyme replacement therapy and analgesics are offered to control pain. In addition, endoscopic retrograde cholangiopancreatography (ERCP) and surgical intersections are reserved for all relevant complications. Patients should avoid tobacco use and alcohol exposure. Unfortunately, surgical removal of affected pancreatic tissue does not necessarily guarantee the patient's long healthy life. (25) (26) (27) (28) (29) (30) (31) The term hereditary pancreatitis has primarily been associated with mutations in the serine protease 1 gene (PRSS1) which has been mapped to chromosome 7 q35. (5, 20) PRSS1 is the most reported gene of hereditary pancreatitis.(1, 5-7, 15, 26, 30, 32-36) which encoding human cationic trypsinogen has been conclusively associated with autosomal dominant hereditary pancreatitis and sporadic nonalcoholic chronic pancreatitis. Most highpenetrance PRSS1 variants increase intrapancreatic trypsin activity by stimulating trypsinogen autoactivation and/or by inhibiting chymotrypsin C-dependent trypsinogen degradation. (37) Interesting, mutations in the gene may protect one against the disease. (38, 39) In several studies, (R122H) mutation is strongly associated with hereditary pancreatitis. (6, 25, 32, 40, 41) The main objective of this study, to identify functional SNPs within dbSNP located in coding nonsynonymous, 3-untranslated and 5-untranslated regions of PRSS1 gene. Also to identify the most deleterious SNPs that could be used as diagnostic markers, using bioinformatics approach. (42) (43) (44) 2. Material and Methods:
Data mining:
The data on human PRSS1 gene was collected from National Center for Biological Information (NCBI) web site. (45) The SNP information (protein accession number and SNP ID) of the PRSS1 gene was retrieved from the NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp/ ) and the protein sequence was collected from Swiss Prot databases. (46) (http://expasy.org/ )
Non-Synonymous SNPs Analysis:

Assessment of the Functional Impacts of Deleterious nsSNPs: SIFT (Sorting intolerant from tolerant):
Predicts whether an amino acid substitution affects protein function based on the degree of conservation of amino acid residues in sequence alignments derived from closely related sequences. (47) SIFT scores <0.05 are predicted by the algorithm to be intolerant or deleterious amino acid substitutions, whereas scores >0.05 are considered tolerant. It is available at (http://sift.bii.a-star.edu.sg/ ).
Polyphen-2:
It is an online tool (48) to predict possible impact of an amino acid substitution on both structure and function of a human protein by analysis of multiple sequence alignment and protein 3D structure, in addition it calculates position-specific independent count scores (PSIC) for each of two variants, and then calculates the PSIC scores difference between two variants. The higher a PSIC score difference, the higher the functional impact a particular amino acid substitution is likely to have. Prediction outcomes could be classified as probably damaging, possibly damaging or benign according to the value of PSIC as it ranges from (0_1); values closer to zero considered benign while values closer to 1 considered probably damaging and also it can be indicated by a vertical black marker inside a color gradient bar, where green is benign and red is damaging. nsSNPs that predicted to be intolerant by Sift has been submitted to Polyphen as protein sequence in FASTA format that obtained from UniproktB /Expasy after submitting the relevant ensemble protein (ESNP) there, and then we entered position of mutation, native amino acid and the new substituent for both structural and functional predictions.
PolyPhen version 2.2.2 is available at (http://genetics.bwh.harvard.edu/pph2/index.shtml ).
Provean:
Provean is an online tool (49) that predicts whether an amino acid substitution has an impact on the biological function of a protein grounded on the alignment-based score . The score measures the change in sequence similarity of a query sequence to a protein sequence homolog between without and with an amino acid variation of the query sequence. If the PROVEAN score ≤-2.5, the protein variant is predicted to have a "deleterious" effect, while if the PROVEAN score is >-2.5, the variant is predicted to have a "neutral" effect. It is available at (https://rostlab.org/services/snap2web/ ).
SNAP2:
Functional effects of mutations are predicted with SNAP2 (50) is a trained classifier that is based on a machine learning device called "neural network". It distinguishes between effect and neutral variants/non-synonymous SNPs by taking a variety of sequence and variant features into account. The most important input signal for the prediction is the evolutionary information taken from an automatically generated multiple sequence alignment. Also structural features such as predicted secondary structure and solvent accessibility are considered. If available also annotation (i.e. known functional residues, pattern, regions) of the sequence or close homologs are pulled in. In a cross-validation over 100,000 experimentally annotated variants, SNAP2 reached sustained two-state accuracy (effect/neutral) of 82% (at an AUC of 0.9). In our hands this constitutes an important and significant improvement over other methods. It is available at (https://rostlab.org/services/snap2web/ ).
Prediction of Disease Related Mutations SNPs:
SNPs&GO:
SNPs&GO (51) is a support vector machine (SVM) based on the method to accurately predict the mutation related to disease from protein sequence. The input is the FASTA sequence of the whole protein, the output is based on the difference among the neutral and disease related variations of the protein sequence. The RI (reliability index) with value of greater than 5 depicts the disease related effect caused by mutation on the function of parent protein. The PHD SNP and PANTHER, algorithms were also used in the display of output.
P-Mut:
PMUT a web-based tool (52) for the annotation of pathological variants on proteins, allows the fast and accurate prediction (approximately 80% success rate in humans) of the pathological character of single point amino acidic mutations based on the use of neural networks. It is available at (http://mmb.irbbarcelona.org/PMut ).
Protein Stability Analysis:
I-Mutant 3.0: I-Mutant 3.0 Is a neural network based tool for the routine analysis of protein stability and alterations by taking into account the single-site mutations. The FASTA sequence of protein retrieved from UniProt is used as an input to predict the mutational effect on protein stability. (53) It is available at (http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi ).
MUpro:
MUpro is a support vector machine-based tool for the prediction of protein stability changes upon nonsynonymous SNPs. The value of the energy change is predicted, and a confidence score between -1 and 1 for measuring the confidence of the prediction is calculated. A score <0 means the variant decreases the protein stability; conversely, a score >0 means the variant increases the protein stability. (54) It is available at (
Identification of Functional SNPs in Conserved Regions by using ConSurf server:
ConSurf web server provides evolutionary conservation profiles for proteins of known structure in the PDB. Amino acid sequences similar to each sequence in the PDB were collected and multiply aligned using CSI-BLAST and MAFFT, respectively. The evolutionary conservation of each amino acid position in the alignment was calculated using the Rate 4Site algorithm, implemented in the ConSurf web server. The algorithm takes explicitly into account the phylogenetic relations between the aligned proteins and the stochastic nature of the evolutionary process. Rate 4 Site assigns a conservation level for each residue using an empirical Bayesian inference. Visual inspection of the conservation patterns on the 3dimensional structure often enables the identification of key residues that comprise the functionally-important regions of the protein. (55, 56) It is available at (http://consurf.tau.ac.il/).
BioEdit:
BioEdit is an easy-to-use biological sequence alignment editor. This free software is intended to supply a single program that can handle most simple sequence and alignment editing and manipulation functions as well as a few basic sequences analyses.(57) It is available for download at (http://www.mbio.ncsu.edu/bioedit/bioedit.html ).
GeneMANIA:
We submitted genes and selected from a list of data sets that they wish to query. GeneMANIA approach to know protein function prediction integrate multiple genomics and proteomics data sources to make inferences about the function of unknown proteins. (58) It is available at (http://www.genemania.org/ )
Structural Analysis:
Detection of nsSNPs Location in Protein Structure:
Mutation3D is a functional prediction and visualization tool for studying the spatial arrangement of amino acid substitutions on protein models and structures. Mutation3D is able to separate functional from nonfunctional mutations by analyzing a combination of 8,869 known inherited disease mutations and 2,004 SNPs overlaid together upon the same sets of crystal structures and homology models. Further, it present a systematic analysis of wholegenome and whole-exome cancer datasets to demonstrate that mutation3D identifies many known cancer genes as well as previously underexplored target genes (59) . It is available at ( http://mutation3d.org ).
Modeling nsSNP locations on protein structure:
Project hope is a new online web-server to search protein 3D structures (if available) by collecting structural information from a series of sources, including calculations on the 3D coordinates of the protein, sequence annotations from the UniProt database, and predictions by DAS services. Protein sequences were submitted to project hope server in order to analyze the structural and conformational variations that have resulted from single amino acid substitution corresponding to single nucleotide substitution. It is available at (http://www.cmbi.ru.nl/hope ).
Modeling Amino Acid Substitution:
UCSF Chimera is a highly extensible program for interactive visualization and analysis of molecular structures. Chimera (version 1.8) software was used to scan the 3D (threedimensional) structure of specific protein, and hence modifies the original amino acid with the mutated one to see the impact that can be produced. The outcome is then a graphic model depicting the mutation.(60) Chimera (version 1.8) available at (http://www.cgl.ucsf.edu/chimera/ ). *FDR: false discovery rate is greater than or equal to the probability that this is a false positive. 
Results:
Discussion:
Two novel mutations have been found (see table 3 ) that effect on the stability and function of the PRSS1 gene using bioinformatics tools. The methods used were based on different aspects and parameters describing the pathogenicity and provide clues on the molecular level about the effect of mutations. It was not easy to predict the pathogenic effect of SNPs using single method. Therefore, multiple methods were used to compare and rely on the results predicted. In this study we used different in silico prediction algorithms: SIFT, PolyPhen-2, Provean, SNAP2, SNP&GO, PHD-SNP, PANTHER, P-MUT and I-Mutant 3.0, MUpro, ConSurf and Mutation3D.
Single-nucleotide polymorphism (SNP) association studies have become crucial in revealing the genetic correlations of genomic variants with complex diseases. In silico analysis has been done for many disorders for cancer related genes and other disorders. (61-63) Therefore, we used deep comprehensive in silico analysis to study nsSNP in Homo sapiens located in coding region of PRSS1 gene, were investigate in dbSNP/NCBI Database, out of 911 there are 339 nsSNPs (missense mutations),(see figure1) were submitted to SIFT server, PolyPhen-2 server, Provean sever and SNAP2 respectively, 141 SNPs were predicted to be deleterious in SIFT server. In PolyPhen-2 server, the result showed that were found to be damaging (54 possibly damaging and 116 probably damaging showed deleterious). In Provean server our result showed that 203 SNPs were predicted to be deleterious. While in SNAP2 server the result showed that 172 SNPs were predicted to be Effect. The differences in prediction capabilities refer to the fact that every prediction algorithm uses different sets of sequences and alignments. In table (2) we were submitted four positive results from SIFT, PolyPhen-2, Provean and SNAP2 (see table 1) to observe the disease causing one by SNP&GO, PHD-SNP, P-Mut and MUpro servers.
In SNP&GO, PHD-SNP, PANTHER and P-Mut servers were used to predict the association of SNPs with disease. According to SNP&GO, PHD-SNP, PANTHER and P-Mut (85, 95, 90 and 2 SNPs respectively) were found to be disease related SNPs. We selected the four positive results (disease related SNPs) for further analysis by I-Mutant 3.0 and MUpro, Table ( 3) (figure 2) While I-Mutant and MUpro results revealed that the protein stability decreased which destabilize the amino acid interaction, (see Table 3 ).
GeneMANIA revealed that PRSS1 has many vital functions: blood microparticle, cobalamin metabolic process, extracellular matrix organization, extracellular structure organization, serine hydrolase activity, serine-type endopeptidase activity, serine-type peptidase activity. The genes co-expressed with, share similar protein domain, or participate to achieve similar function were illustrated by GeneMANIA and shown in figure 3 , Tables (5&6). Project HOPE server was used to submit the two deleterious nsSNPs: (rs1366278558): (M1R): Methionine residue changed to Arginine at position 1. (Figure 4) shows the schematic structures and homology modeling of the original and mutant amino acid. The backbone, which is the same for each amino acid, is colored red. The side chain, unique for each amino acid, is colored black. Each amino acid has its own specific size, charge, and hydrophobicity value. The mutation is located within the signal peptide. This sequence of this peptide is important because it is recognized by other proteins and often cleaved of to generate the mature protein. The new residue that is introduced in the signal peptide differs in its properties from the original one. It is possible that this mutation disturbs recognition of the signal peptide. The mutant residue is smaller than the wild-type, and this will cause a possible loss of external interactions. The wild-type residue is more hydrophobic than the mutant residue and this mutation might cause loss of hydrophobic interactions with other molecules on the surface of the protein and thus may cause function loss or change. Figure 5 ) shows the schematic structures of the original and the mutant amino acid. The backbone, which is the same for each amino acid, is colored red. The side chain, unique for each amino acid, is colored black. The mutant residue is smaller and more hydrophobic than the wild-type residue. The mutation is located within the signal peptide. This sequence of this peptide is important because it is recognized by other proteins and often cleaved of to generate the mature protein. While the new residue that is introduced in the signal peptide differs in its properties from the original one. It is possible that this mutation disturbs recognition of the signal peptide. The wild-type and mutant amino acids differ in size. The mutant residue is smaller; this might lead to loss of interactions.
We also used ConSurf web server; the nsSNPs that are located at highly conserved amino acid positions tend to be more deleterious than nsSNPs that are located at non-conserved sites. Our ConSurf analysis revealed that (L4P) mutation was found in the highly conserved region and predicted to have a potential impact on PRSS1 protein. (see table 4 ) To confirm our findings (M1R & L4P) mutations we used BioEdit (version 7.2.5) Alignment of 10 amino acid sequences of PRSS1 confirm that, the residues predicted to be mutated are evolutionarily conserved across species. (See figure 6 ) Additionally, we performed analysis by Mutation3D, our result show that: (L4P) located in the domain. (See figure 7) In the light of our study we recommend to perform whole exome sequencing on suspicious patients (3, 16, 17) and their parents for pathogenic variant (M1R & L4P) besides the ones that has been screened in other studies (6, 64) to allow early diagnosis and prevention and/or management of symptoms.
Conclusion:
A total of two nsSNPs (M1R & L4P) were predicted to be responsible for the structural and functional modifications of PRSS1 protein. It is evident from the deep comprehensive in silico analysis that, these two nsSNPs might serve as, a novel biomarkers for the prognosis of
